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_ Abstract. We discuss the current status of the sample of Lithium abundances in extremely 

metal poor (EMP) turn-off (TO) stars collected by our group, and compare it with the avail- 
i i' able literature results. In the last years, evidences have accumulated of a progressive dis- 

j"V^ ruption of the Spite plateau in stars of extremely low metallicity. What appears to be a flat, 

X^/y thin plateau above [Fe/H] — 2.8 turns, at lower metallicities, into a broader distribution for 

which the plateau level constitutes the upper limit, but more and more stars show lower 
i-C ■ Li abundances. The sample we have collected currently counts abundances or upper limits 

Q-[ for 44 EMP TO stars between [Fe/H]=-2.5 and -3.5, plus the ultra-metal poor star SDSS 

J102915+172927 at [Fe/H]=-4.9. The "meltdown" of the Spite plateau is quite evident and, 
at the current status of the sample, does not appear to be restricted to the cool end of the 
" effective temperature distribution. SDSS J102915+172927 displays an extreme Li depletion 

\ that contrasts with its otherwise quite ordinary set of [X/Fe] ratios. 
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f~>) \ 1. Introduction of the BBN leads to estimate a primordial Li 

f*^ . abundance about 0.5 dex higher than observed. 

Since its first discovery by Spite & Spite A promising explanation of said discrepancy is 

\Q 1 ( 1 982), the so-called Spite plateau has consti- the adoption of a theory of "mitigated" atomic 

O tuted a puzzling observational fact. The very diffusion in stellar atmospheres, where turbu- 

fact that Li could be measurable in old, warm lent mlxln 8 reduces the efficiency of Li settling 

stars was unexpected, since atomic diffusion ( e - 8- Llnd et al - 2009 ' and references therein), 

was presumed to deplete it in the atmosphere However, current models of said effect are still 

to the level of non-detectability (Michaud et entirely parametric, limited to a restricted pa- 

X 1 al., 1984). The long-standing interpretation of rame ter space, and do not reproduce satisfac- 

the Li abundance plateau in old stars as be- torll y the variations of Li abundance with the 

ing representative of the primordial Big Bang evolutionary state of the stars (see Gonzalez 

Nucleosynthesis (BBN) yield was further chal- Hernandez et al., 2009). 

lenged by the measurements issued of the At the same time, evidences have been ac- 

WMAP satellite (Iocco et al., 2009). Its mea- cumulating that the Spite plateau is disrupted 

surement of the photon-baryon ratio at the time at extremely low metallicities. In Sbordone 
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Fig. 1. A(Li) vs. [Fe/H] for various samples. Filled black circles, Bonifacio et al. (2012); open black cir- 
clessbordonelO; green filled triangles Aoki et al. (2009); red open triangles Hosford et al. (2009); magenta 
stars, the two components of the binary star CS 22876-032 (Gonzalez Hernandez et al., 2008), blue open 
squares Asplund et al. (2006). Points with a downward arrow indicate upper limits. The grey horizontal line 
indicates the current estimated primordial Li abundance based on WMAP results. 



et al. (2010) we showed how warm (5800 
K<T eff <6800 K) TO stars at metallicities 
roughly below [Fe/H]=-2.8 do no longer 
show the uniform Li abundance typical of 
the plateau, but rather scatter along an in- 
creasingly dispersed distribution for which the 
plateau abundance appears to constitute the up- 
per limit. Previous claims that dispersion in 
Li abundance increased for EMP, or that the 
plateau appeared tilted (e.g. Asplund et al., 
2006; Aoki et al., 2009), appeared now as low- 
statistics manifestations of what we called the 
"meltdown" of the Spite plateau (see Fig. 1). In 
a different take to the same problem, Melendez 
et al. (2010) noticed how more metal poor 
stars of the same mass and evolutionary sta- 
tus have higher temperatures, and interpreted 
the observed effects at the EMP end as due 
to mass-dependent diffusive depletion. To ac- 
count for this, Melendez et al. (2010) proposed 



to exclude from samples used to evaluate the 
Spite plateau any star for which T e ff<5850- 
180* [Fe/H]. By using a sample "cleaned" ac- 
cordingly to said cutoff, Melendez et al. (2010) 
recovered a thin plateau, unaffected by the 
"meltdown", but broken in two at [Fe/H] — 2.5, 
the metal rich section showing a Li abundance 
about 0.05 dex higher than the metal poor one. 
However, Melendez et al. (2010) sample below 
[Fe/H] =-3 was much more restricted than the 
one analyzed in Sbordone et al. (2010). 



2. The current sample 

Since some years, we have undertaken an ef- 
fort to identify extremely metal poor stars 
from low resolution Sloan Digital Sky Survey 
(SDSS) spectra, and follow them up with high 
resolution spectroscopy (Ludwig et al., 2008; 
Bonifacio et al., 2012). A number of papers 
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Fig. 2. A(Li) vs. T c ff for various samples. Symbols as in Fig. 1 



have been issued of the so-far analyzed sam- 
ple: Behara et al. (2010) analyzed 3 carbon en- 
hanced metal poor stars, Caffau et al. (2011) 
and Bonifacio et al. (2011) presented the sub- 
sample observed with X-SHOOTER, Caffau 
et al. (2011b, 2012) described the ultra metal 
poor (UMP) star SDSS J 1029 15+ 172927, and 
Bonifacio et al. (2012) presented the largest 
sub-sample, 16 stars observed with UVES. 
The present work describes Li abundances for 
stars in Bonifacio et al. (2012) and SDSS 
J102915+172927. 

The stars in Bonifacio et al. (2012) have 
been analyzed by means of the automatic abun- 
dance analysis code MyGIsFOS (Sbordone et 
al., 2012) to derive atmospheric parameters 
and chemical abundances. Lithium abundances 
have been derived thanks to the 3D NLTE Li 
670 nm doublet fitting function presented in 
Sbordone et al. (2010), which has been em- 
ployed also for estimating the Li abundance 
upper limit in SDSS J102915+172927. In both 
cases, effective temperature has been derived 
from (g-z)o colors, gravity from Fe I - Fe II 



ionization equilibrium, when measurable Fe II 
lines were present, or set to logg=4 otherwise. 

3. Results 

By including the new sample together with the 
Sbordone et al. (2010) one, the evidence of the 
Spite plateau "meltdown" below [Fe/H]~-2.8 
is further reinforced (Fig. 1). The Sbordone 
et al. (2010) sample supported to some ex- 
tent the Melendez et al. (2010) claim that, at 
extremely low metallicities, progressively hot- 
ter stars should be expected to show Li abun- 
dances below the plateau level: all the stars in 
the sample below T e ff =6000 K, in fact, showed 
a Li abundance below the plateau. The situa- 
tion, however was not a clear cut one, since 
also a number of relatively hot stars appeared 
depleted. In the ? sample, on the other hand, 
at least one star with T e ff<6000 K lies on the 
Spite plateau (Fig. 2). 

To try to clarify the issue, we plot in Fig. 3 
the effective temperature versus [Fe/H] for the 
stars in the various samples already presented 
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Fig. 3. [Fe/H] vs. T e ff for the stars in Fig. 1 and 2. Symbols as in Fig. 1. The grey dashed line represents 
the discriminant proposed by Melendez et al. (2010), i.e. T cff =5850-180*[Fe/H]. The symbols encyrcled in 
red correspond to stars with A(Li)>2.1. 



in Fig. 1 and 2. The grey dashed line repre- 
sents the discriminant proposed by Melendez 
et al. (2010), a red circle surrounds all the 
stars whose Li abundance exceeds 2.1 dex, i.e. 
falling on the plateau. In the considered sam- 
ples, about 42% pf the stars falling below the 
Melendez et al. (2010) discril327minant fall, 
in fact, on the Spite plateau. The Melendez et 
al. (2010) discriminant appears to fail, in par- 
ticular, above [Fe/H]=-2.8, where almost all 
the stars it cuts out fall on the Spite plateau: 
we consider this one further hint that some re- 
markably different physical process affects the 
Li abundance in stars above and below said 
metallicity. But even beolow [Fe/H]=-2.8, still 
about one third of the sampled stars falling be- 
low the Melendez et al. (2010) discriminant ap- 
pear to fall on the plateau, indication that what- 
ever mechanism is causing the meltdown, it is 
not affecting 11 the stars uniformly as a function 
of their temperature and metallicity alone. 



In Fig. 4 we reproduce Fig. 1, but adding 
the two ultra metal poor stars known to date 
for having atmospheric parameters compatible 
with the Spite plateau, HE 1327-2326 (Frebel 
et al., 2008) and SDSS J102915+172927 
(Caffau et al., 201 lb, 2012). In both these stars 
the Li 670nm doublet is not detected, and only 
an upper limit is derived. Both these upper 
limits, moreover, correspond to values much 
lower than the Spite plateau. One might, in 
principle, consider discounting HE 1327-2326 
since the star presents an extreme CNO en- 
hancement, indication of significant pollution 
by CNO-cycled material in the nebula out of 
which the star formed. Due to the high tem- 
perature characteristic of the CNO cycle, one 
expects such material to be essentially Li-free. 
SDSS J102915+172927, on the other hand, 
presents no detectable CNO enhancement, and 
its abundance ratios are the ones of a normal a- 
enhanced metal poor stars, except for the par- 
ticularly low metallicity. One is thus entitle to 
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Fig. 4. Like in Fig. 1 but now including the two ultra metal poor stars HE 1327-2326 and SDSS 
J102915+ 172927 (open and filled large circles, respectively). Symbols for the other stars are the same 
as in Fig 1 . 



consider said star as an indicator that the trend 
towards increasing Li depletion continues in 
the [Fe/H] <-4 range. 

4. Conclusions 

The "meltdown" of the Spite plateau is con- 
firmed by the expanded sample of EMP To 
stars presented in Bonifacio et al. (2012), 
as well as by the discovery of SDSS 
J 1029 15+ 172927. Its origins remail unclear. 
Mechanisms invoking atmospheric effects, 
such as diffusion, to explain it, face a 
formidable challenge: decreasing the metallic- 
ity, metallic opacities in atmospheres, as well 
as the effect of metals as electron donors, be- 
come increasing negligible. Below [Fe/H]=- 
2.5, a change in metallicity leaves the at- 
mospheric structure largely unchanged, while 
the same is not true at higher metallicities. 
And yet, the Spite plateau appears to exist 
between [Fe/H] =-2 and -1, but is disrupted 



below [Fe/H]=-2.8. The structure of SDSS 
J 1029 15+ 172927 should closely resemble the 
one of a comparable [Fe/H] =-3 star, while 
the same is not true between [Fe/H] =-2.5 
and [Fe/H]=-1. Nevertheless, Li abundance in 
SDSS J102915+172927 is much lower than 
in a typical [FeH]=-3 star of similar parame- 
ters, while a thin plateau exist at higher metal- 
licities. It is apparent to us that some piece 
of the puzzle is still missing. It is possible 
that the missing ingredient is related to the 
formation environment of extremely and ul- 
tra metal poor stars. It is currently believed 
that the more metallicity decreases, the more 
the initial mass function should become top- 
heavy. It is thus possible that the formation of 
low mass stars requires increasingly particu- 
lar conditions at lower metallicities. One might 
for example speculate that protostellar nebula 
fragmentation might be favored by high level 
of turbulence, leading to low mass stars being 
preferentially formed as very fast rotators, thus 
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increasing Li depletion due to higher convec- 
tive layer depth. Further investigation in the 
physics of extremely low metallicity star for- 
mation could possibly lead to clarify this as- 
pect. 
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